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POSITIVE PUSH MEDICAL VALVE 
WITH INTERNAL SEAL 

5 

PRIORITY 

This patent application claims priority from provisional United States 
patent application number 60/422,074, filed October 29, 2002, entitled, 
"POSITIVE PUSH MEDICAL VALVE WITH INTERNAL SEAL," and naming 
10 Brian L. Newton and Andrew L. Cote, as inventors, the disclosure of which is 
incorporated herein, in its entirety, by reference. 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to the following U.S. provisional and non- 
15 provisional patent applications, the disclosures of which are incorporated herein, 
in their entireties, by reference: 

• Application number 09/479,327 (Bromberg & Sunstein LLP attorney 
docket number 1600/121); 

• Application number 09/812,237 (Bromberg & Sunstein LLP attorney 
20 docket number 1600/138); 

• Application number 10/007,377 (Bromberg & Sunstein LLP attorney 
docket number 1600/145); 

• Application number 60/350,775 (Bromberg & Sunstein LLP attorney 
docket number 1600/147); and 

25 • Application number 10/224,299 (Bromberg & Sunstein LLP attorney 
docket number 1600/149). 
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FIELD OF THE INVENTION 

The invention generally relates to medical products and, more 
particularly, the invention relates to devices for reducing backflow through a 
medical valve. 

5 

BACKGROUND OF THE INVENTION 

In general terms, medical valving devices often act as a sealed port that 
may be repeatedly accessed to non-invasively inject fluid into (or withdraw fluid 
from) a patient's vasculature. Consequently, a medical valve permits the 

10 patient's vasculature to be freely accessed without requiring such patient's skin 
be repeatedly pierced by a needle. 

Medical personnel insert a syringe into the medical valve to inject fluid 
into (or withdraw fluid from) a patient who has an appropriately secured 
medical valve. Once inserted, fluid may be freely injected into or withdrawn 

15 from the patient. Problems arise, however, when the syringe is withdrawn from 
the valve. Specifically, a back pressure (i.e., a proximally directed pressure) 
produced by the withdrawing syringe undesirably can cause blood to leak 
proximally into the valve. In addition to coagulating and impeding the 
mechanical operation of the valve, blood in the valve also compromises the 

20 sterility of the valve. 



SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, a medical valve having an 
25 open mode to permit fluid flow and a closed mode to prevent fluid flow has a 
body and a valving element within the interior of the body. The body also has a 
valving element within its interior, and proximal and distal ports. The valving 
element controls fluid flow between the proximal and distal ports. Moreover, 
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the valving element includes a resilient member and a plug. The resilient 
member forms a variable sized fluid chamber within the interior of the body, 
while the plug cooperates with the gland to provide an internal seal (within the 
interior of the body) that is spaced from the proximal port. The plug is capable 

5 of radially expanding the resilient member when the valve transitions from the 
closed mode to the open mode. The fluid chamber has a larger volume when in 
the open mode than when in the closed mode. 

In some embodiments, the resilient member forms a proximal seal at the 
proximal port. In addition, the plug may include a plurality of legs that bow 

10 outwardly upon application of a distally directed force. The plurality of legs 
may normally bow outwardly, and /or the plug may have and a leg separator to 
prevent contact of the legs. 

The interior may have a stop, where the plug is capable of longitudinally 
moving distally within the interior to contact the stop. The plug is capable of 

15 radially expanding the resilient member after the plug contacts the stop. In some 
embodiments, the plug includes a distal end having a base. In such embodiment, 
the resilient member has an open distal end, and the plug distal end cooperates 
with the resilient member open distal end to form the internal seal. The internal 
seal is closed when the resilient member open distal end is occluded by the plug 

20 distal end. 

In accordance with another aspect of the invention, a medical valve 
includes a variable volume fluid chamber that is larger when the valve is in the 
open mode than when in the closed mode. Such valve also includes an internal 
seal. To these ends, the valve includes a body forming an interior, a proximal 
25 port, and a distal port. The valve also has a valving element within the interior 
of the body. The valving element controls fluid flow between the proximal and 
distal ports. A variable volume fluid chamber within the interior of the body has 
a larger volume when in the open mode than when in the closed mode. The 
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4 



valving element also includes an internal seal within the interior of the body. 
The internal seal is spaced from the proximal port. 

In some embodiments, the valving element also includes a proximal seal 
that is spaced from the internal seal. The proximal seal may be swabbable. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and advantages of the invention will be appreciated more 
fully from the following further description thereof with reference to the 
accompanying drawings wherein: 

Figure 1 schematically shows a medical valve configured in accordance 
15 with illustrative embodiments of the invention. 

Figure 2A schematically shows a cross-sectional view of a first 
embodiment of the valve shown in figure 1 in the closed position. 

Figure 2B schematically shows a cross-sectional view of the valve shown 
in figure 2A in the open position. 
20 Figure 3 schematically shows a plug used in the valve shown in figures 2A 

and 2B. 

Figure 4 schematically shows a cut-away view of the gland and plug of 
the valve shown in figures 2A and 2B. 

Figure 5A schematically shows a cross-sectional view of a second 
25 embodiment of the valve shown in figure 1 in the closed position. 

Figure 5B schematically shows a cross-sectional view of the valve shown 
in figure 5A in the open position. 
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Figure 6A schematically shows a cross-sectional view of a third 
embodiment of the valve shown in figure 1 in the closed position. 

Figure 6B schematically shows a cross-sectional view of the valve shown 
in figure 6A in the open position. 
5 Figure 7 schematically shows a cross-sectional view of a fourth 

embodiment of the valve shown in figure 1 in the closed position. 



10 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

In illustrative embodiments of the invention, a medical valve is configured 
to substantially eliminate fluid drawback when a nozzle or syringe is withdrawn 
from it. In fact, in some embodiments, the valve is expected to produce a 
15 positive, distally directed pressure when a nozzle or syringe is withdrawn. Such 
pressure necessarily should prevent non-negligible amounts of fluid from being 
drawn into the valve. Moreover, illustrative embodiments also include an 
internal seal. 

To these ends, illustrative embodiments of the medical valve have an 
20 interior fluid chamber that is larger when it is in an open mode {i.e., permitting 
fluid flow, also referred to as "open position"), than when it is in a closed mode 
(i.e., preventing fluid flow, also referred to as "closed position"). More 
specifically, the fluid chamber is formed from a resilient member that, when 
transitioning from the closed mode toward the open mode, expands from its 
25 normal (i.e., relaxed) state. This expansion consequently increases the volume of 
fluid that the fluid chamber can contain when in the open mode. Accordingly, 
when retracting back to the closed mode, the resilient member returns to its 
normal state, which has a smaller volume. Excess fluid within the fluid chamber 
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thus is forced out the distal end of the valve as the valve transitions toward the 
closed mode. Accordingly, fluid should not be drawn into the valve when 
withdrawing a syringe. Details of illustrative embodiments are discussed below. 
Figure 1 schematically shows a medical valve 10 that is configured to 
5 reduce fluid drawback (a/k/a "back-flow;' noted above) when a syringe or other 
type of nozzle is withdrawn from it. The valve 10 includes a proximal port 12 
(also referred to herein as "inlet 12") for receiving the nozzle, a valve 
body/housing 14 having a valve element (different embodiments are shown in 
figures 2-7) that controls fluid flow through the valve 10, and a distal port 16 
10 (also referred to herein as outlet 16) for directing fluid between the valve 10 and 
a patient. The fluid preferably is in liquid form, such as liquid medication, to 
pass through a centrally formed fluid channel (discussed in greater detail below). 
Although much of the discussion herein refers to the proximal port 12 as a fluid 
inlet, and the distal port 16 as a fluid outlet, the proximal and distal ports 12 and 
15 16 also may be respectively used as outlet and inlet ports. 

In illustrative embodiments, the valve 10 is similar to the swab valve 
disclosed in U.S. Patent number 6,039,302 entitled, "SWABBABLE LUER- 
ACTIVATED VALVE, " the disclosure of which is incorporated herein, in its 
entirety, by reference. Of course, various embodiments may relate to other non- 
20 swab valves and thus, such embodiments are not limited to swab valves. 
Figure 2A schematically shows a cross-sectional view of a first 
embodiment of the medical valve 10 (shown in figure 1 along line X-X) in a 
closed mode. Figure 2B similarly shows a cross-sectional view of the same valve 
10, but in an open mode. In summary, the valve 10 includes four snap-fit 
25 components. Specifically, the valve 10 includes an inlet housing 18 having the 
inlet 12, and an outlet housing 20 having the outlet 16. The two housing portions 
18 and 20 together form the valve body/housing 14. It should be noted that 
although some embodiments are discussed as being snap-fit components, 
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various embodiments of the invention may be coupled by either snap-fit or other 
means, such as by ultrasonic welding. Accordingly, such embodiments are not 
intended to be limited to snap-fit components. 

The remaining two components cooperate to valve fluid through the 

5 housing 14. Specifically, the valve 10 also has a stretchable, resilient, and 

compressible member (referred to in various embodiments herein as "gland 22") 
secured between the inlet housing 18 and outlet housing 20, and a longitudinally 
movable plug 24 (also more generally referred to as a ''plug member" due in part 
to its plugging function) secured within the valve 10 by the gland 22. 

10 The gland 22 is considered to have three contiguous sections that 

cooperate with the plug 24 to provide a valving function. In particular, those 
sections include 1) a proximally located swabbable seal section 26 to provide a 
low pressure, proximally located seal, 2) a tubular section 28 that cooperates with 
the plug 24 to provide a proximal bias to the plug 24, and 3) an attachment 

15 section 30 to secure the gland 22 within the valve 10 and cooperate with the plug 
24 to provide the noted internal seal 40. Each of these sections are discussed 
below. 

The seal section 26 has a normally closed aperture 32 to provide the above 
noted low pressure seal. Among other things, the aperture 32 may be, for 
20 example, a pierced hole or a slit. A nozzle or syringe thus may open the low 
pressure seal by deforming the seal section 26. Details of this deformation are 
discussed below. 

The aperture 32 illustratively is formed to be normally closed when the 
gland 22 is not even mounted within the housing. No radial force thus is 
25 required by the housing to close the aperture 32. In fact, in some embodiments, 
the outer dimension of the seal section 26 is smaller than the inner dimension of 
the inlet 12. In alternative embodiments, however, the inner dimension of the 
inlet 12 is smaller than the outer dimension of the seal section 26 of the gland 22. 
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Consequently, in such embodiments, the housing squeezes the seal section 26, 
thereby forcing the aperture 32 closed. 

When the valve 10 is in the fully closed position, the seal section 26 is 
flush with, or extends slightly above, the exterior inlet face 34 of the housing. 

5 The seal section 26 and the exterior inlet face 34 thus present a swabbable 

surface. In other words, the seal section 26 and the exterior inlet face 34 may be 
easily wiped clean by any conventional means, such as with an alcohol swab. As 
mentioned in the above noted incorporated patent, valves having swabbable 
surfaces are known in the art as "swabbable valves." In other embodiments, 

10 however, the valve 10 is not a swabbable valve. 

The second section of the gland 22, the tubular section 28, provides a 
number of functions. Primarily, the tubular section 28 is both resilient and 
compressible. Accordingly, the tubular section 28 effectively acts as a spring to 
normally maintain the gland 22 in the closed mode. Moreover, the tubular 

15 section 28 is radially expandable and contactable, thus providing the valve 10 
with the noted anti-drawback capabilities. More specifically, the tubular section 
28 forms an internal fluid chamber 36 that is a part of the fluid path within the 
valve 10. As discussed in greater detail below, the plug 24 radially expands the 
tubular section 28 as the valve 10 transitions from the closed position toward the 

20 open position. In a similar manner, the tubular section 28 contracts as the valve 
10 transitions from the open position toward the closed position. Fluid thus 
should be forced out the distal port 16 as the volume of the tubular section 28 
reduces toward its at rest volume. 

In illustrative embodiments, the tubular section 28 of the gland 22 is 

25 formed to have a varying thickness. For example, the portions of the tubular 
section 28 being expanded may be thinner than those portions that are not being 
expanded. In some embodiments, the tubular section 28 actually may be 
rectangularly shaped, where a first pair of opposing walls are thinner than the 
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other (second) pair opposing walls. The first pair of opposing walls permit the 
plug 24 to more easily expand the tubular section 28, while the second pair of 
opposing walls provide more structural strength to the overall gland structure. 
The final one of the above listed gland sections, the attachment section 30, 

5 serves several important functions. Primarily, it at least partially secures the 
gland 22 within the housing. To that end, the attachment section 30 is secured 
between the inlet and outlet housings 18 and 20. To provide a more secure fit, 
the housing portions also include a pair of opposed annular upstanding ridges 
38 that normally are forced into the proximal and distal surfaces of the 

10 attachment section 30. In addition, the attachment section 30 rests on a relatively 
flat inner surface of the housing, thus providing a base from which the tubular 
section 28 can provide its spring (i.e., proximal biasing) functionality. 

The attachment section 30 also cooperates with the plug 24 to provide the 
noted internal seal 40. Specifically, the attachment section 30 has a distal opening 

15 41 that normally is occluded by the plug 24. As more clearly shown in figures 3 
and 4, the plug 24 has a proximal portion 42 secured within the valve 10 by gland 
seal section 26, a pair of legs 44 extending distally from the proximal portion 42 
and terminating at a distal base portion 46. The plug 24 is normally is biased so 
that, in the absence of a distally directed force, the distal base portion 46 of the 

20 plug 24 occludes fluid flow through the distal opening 41 of the attachment 
section 30. 

The internal seal 40 is formed so that it can withstand relatively high 
pressures (e.g., those higher pressures that may occur during anticipated use, 
such as pressures greater than about 60 p.s.i.). To that end, the distal base 
25 portion 46 of the plug 24 is formed to have a geometry that is matched to that of 
the distal opening 41 of the attachment section 30. For example, the distal base 
portion 46 may have an outer diameter that is larger than the inner diameter of 
the distal opening 41 of the attachment section 30. In addition, the proximally 
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facing surface of the distal base portion 46 should have a contour and shape that 
permits it to mate with the gland distal opening 41 to seal against high back 
pressures. Accordingly, due to the performance of the internal seal 40, it is not 
necessary for the low pressure seal (i.e., the aperture 32 through the seal section 

5 26) to resist large back pressures. In some embodiments, however, the low 
pressure seal may be formed to also resist relatively high back pressures. 

The legs 44 of the plug 24 illustratively are formed to be normally bowed 
outwardly. In addition, although not necessary, each leg 44 also may have an 
enlarged portion 48 to ensure that the two legs 44 do not inadvertently flex 

10 inwardly either when the valve 10 is actuated, and during assembly (i.e., when 
the plug 24 is inserted into the gland 22). The enlarged portions 48 normally 
contact each other. In alternative embodiments, only one leg 44 may have an 
enlarged portion 48. It should be noted that although only two legs 44 are 
discussed, other embodiments may have more than two legs 44. In some 

15 embodiments, the plug 24 may have only a single leg 44 that performs the same 
function of radially expanding the gland 22. 

As shown in figure 2B, insertion of a nozzle (e.g., a blunt tip syringe) 
forces the seal section 26 of the gland 22 to collapse onto the proximally facing 
surface of the plug 24, thus opening the aperture 32. In addition, this force also 

20 causes the plug 24 to move distally within the valve 10 (against the proximal bias 
of the gland 22). This distal movement unseats the distal base portion 46 of the 
plug 24 from the distal opening 41 of the gland 22, thus opening the internal seal 
40. Accordingly, when the internal seal 40 is open, the valve 10 is considered to 
have an open fluid channel extending between the proximal and distal ports 12 

25 and 16. 

The plug 24 moves distally until its distal base portion 46 contacts a stop 
50 within the interior of the outlet housing 20. After the plug 24 contacts the stop 
50, the legs 44 begin to bow outwardly as the nozzle applies more distally 
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directed force. This bowing forces the tubular section 28 of the gland 22 to also 
expand, consequently expanding the internal fluid chamber 36 discussed above. 
Fluid from the nozzle thus may travel through the above noted fluid channel. 
Specifically, fluid flows through the aperture 32 and into the fluid chamber 36. 
5 From there, fluid travels though a distal channel formed by the outlet housing 20, 
and out through the distal port 16. 

Removal of the distally directed force thus causes a similar, but opposite, 
effect. Specifically, the legs 44 begin moving radially inwardly, consequently 
reducing the volume of the internal chamber 36. Fluid remaining within the 

10 internal chamber 36 thus is forced distally through the distal port 16. After the 
legs 44 have retracted to their at-rest position (i.e., when not forced to bow 
radially outwardly), the plug 24 moves proximally until the internal seal 40 is 
reformed. In other words, the plug 24 moves proximally until the distal base 
portion 46 of the plug 24 reseats against the distal opening of the gland 22. The 

15 proximal seal also is completely resealed after the nozzle is removed from the 
valve 10. 

In illustrative embodiments, the gland 22 is manufactured from a resilient 
elastomer ic material, such as rubber or silicone. Other materials having similar 
properties may be used, however, so long as they can perform the functions 

20 discussed herein. The plug 24 illustratively is formed from a flexible and 

resilient plastic (e.g., polypropylene). Again, in a manner similar to the gland 22, 
other materials having similar properties may be used as long as they can 
perform the functions discussed herein. 

Figure 5A schematically shows a cross-sectional view of a second 

25 embodiment of the medical valve 10 (shown in figure 1 along line X-X) in a 

closed mode. Figure 5B similarly shows a cross-sectional view of the same valve 
10, but in an open mode. This embodiment includes the same components as the 
first embodiment. The difference, however, is the shape and operation of the 
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plug 24. In particular, each of the legs 44 of the plug 24 has three living hinge 
areas 52 to facilitate radial outward movement of the gland 22. In some 
embodiments, the legs 44 are normally bowed outwardly. In other 
embodiments, however, the legs 44 are not normally bowed outwardly. The 

5 plug 24 also includes a vertical member to ensure that the legs 44 to not bow 
inwardly when a dis tally directed force is applied. Also, in a manner similar to 
the embodiment shown in figures 2 A and 2B, the valve 10 also includes the 
internal high-pressure seal 40. 

The seal section 26 of the gland 22 is shown in this embodiment as having 

10 an accordion- type structure. This structure relieves the seal section 26 when 
being forced to collapse. This feature is optional. 

Operation of this embodiment is substantially similar to that of the 
embodiment shown in figures 2A and 2B. Specifically, insertion of a nozzle (e.g., 
a blunt tip syringe) forces the seal section 26 of the gland 22 to collapse onto the 

15 proximally facing surface of the plug 24, thus opening the aperture 32. In 

addition, this force also causes the plug 24 to move distally within the valve 10, 
consequently unseating the distal base portion 46 of the plug 24 from the distal 
opening of the gland 22. 

The plug 24 moves distally until its distal base portion 46 contacts a stop 

20 50 within the interior of the outlet housing 20. After the plug 24 contacts the stop 
50, the legs 44 begin to bow outwardly as the nozzle applies more distally 
directed force. This bowing forces the tubular section 28 of the gland 22 to also 
expand, thus expanding the internal fluid chamber 36 discussed above. 

Removal of the distally directed force thus causes a similar, but opposite, 

25 effect. Specifically, the legs 44 begin moving radially inwardly, consequently 
reducing the volume of the internal chamber 36. Fluid remaining within the 
internal chamber 36 thus is forced distally through the distal port 16. After the 
legs 44 have retracted to their at-rest position (i.e., when not forced to bow 
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radially outwardly), the plug 24 moves proximally until the internal seal 40 is 
reformed. The proximal seal also is completely resealed after the nozzle is 
removed from the valve 10. 

Figure 6A schematically shows a cross-sectional view of a third 

5 embodiment of the medical valve 10 (shown in figure 1 along line X-X) in a 

closed mode. Figure 6B similarly shows a cross-sectional view of the same valve 
10, but in an open mode. This embodiment includes the same components as the 
first and second embodiments. In particular, this embodiment includes the inlet 
and outlet housing portions, the plug 24 and the gland 22. 

10 The differences between this embodiment and the earlier mentioned 

embodiment is the configuration of the different components. In particular, the 
inlet and outlet housing portions meet to secure the gland attachment section 30 
at a location that is proximal to that location on the first and second 
embodiments. 

15 More significant, however, is the shape and operation of the plug 24. In 

particular, the plug 24 illustratively is split down its center and thus, separable. 
To that end, the plug 24 illustratively includes an occluded portion 54 that has 
two longitudinal plug sections normally flush against one another. When flush, 
as shown in figure 6A, this occluded portion 54 acts as the noted high pressure 

20 internal seal 40. The plug 24 also includes a pair of legs 44 normally in contact 
with the lower portion of the housing interior, and vertical member to ensure 
that the two housing halves separate when open. 

As shown in figures 6A and 6B, insertion of a nozzle forces the seal section 
26 of the gland 22 to collapse onto the proximally facing surface of the plug 24, 

25 thus opening the aperture 32. The force also causes the legs 44 to bow radially 
outwardly, thereby permitting the two longitudinal plug sections to separate. 
This separation consequently expands the overall fluid volume within the valve 
10, thus providing the desired anti-drawback functionality. Fluid thus flows 
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through the proximal port 12, through the occluding portion 54 and valve 
interior, through holes at the base of the plug 24, and out the distal port 16. 

Figure 7 schematically shows a cross-sectional view of a fourth 
embodiment of the valve 10 shown in figure 1. This embodiment is very similar 

5 to the third embodiment, except that it does not include the vertical member, and 
its legs 44 are normally tapered as they extend distally. Application of a distally 
directed force forces the two plug portions (of the occluding portion) to separate, 
consequently increasing the internal volume. Also in a manner similar to the 
previous embodiment, the occluding portion of the plug 24 acts as a high- 

10 pressure seal 40. 

The plug 24 in both the third and forth embodiments illustratively may be 
formed to have a more pliable, sealing material on the plug portions that 
normally are flush. For example, a conventional two shot process may be used to 
apply an elastomeric layer to that surface. In illustrative embodiments, the entire 

15 plug 24 is formed to be a long strip of material that, during assembly, is folded 
into the form shown in figures 5A-7. 

It should be noted that measurements, other numbers, and various indicia 
on the figures not discussed are exemplary. Accordingly, various embodiments 
are not intended to be limited to such numbers and/ or indicia. 

20 Although various exemplary embodiments of the invention are disclosed 

above, it should be apparent to those skilled in the art that various changes and 
modifications can be made that will achieve some of the advantages of the 
invention without departing from the true scope of the invention. 



